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Abstract

The Knoblock coal bed in the Otter Creek EMRIA (Energy Minerals 

Rehabilitation Inventory and Analysis) site an area of about 1,177 

acres (A76 hectares) contains estimated identified coal resources of 

about 126 million short tons (114 million metric tons). The area around 

and including the Otter Creek EMRIA site an area of about 2,975 acres 

(1,204 hectares) contains estimated identified coal resources of about 

318 million short tons (289 million metric tons). All estimated coal 

resources in the Knoblock bed are categorized as measured and indicated 

resources, and all but about 62 million tons (56 million metric tons) 

are at depths of less than 200 feet (60 metres). The average thickness 

of the Knoblock is about 61 feet (18.6 metres) and the overall relationship 

of quantity of overburden to tons of coal in the area with 200 feet (60 

metres) or less of overburden is about 2 cubic yards (1.5 cubic metres) 

of overburden per ton of coal.

The coal is subbituminous C in rank, has an average sulfur content 

of less than 0.2 percent, and has an average ash content of about 5.5 

percent. The major and minor element composition of coal, coal-ash, and 

rock samples from the area is similar to the average composition of other 

coals of the Northern Great Plains and to the average rock composition 

of the Earth's crust. Only the selenium content of the Knoblock coal 

is more than an order of magnitude higher than that in the continental 

crust.
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Introduction

This report was prepared as a contribution to a study of the 

reclamation potential of an area in the northern part of the Powder 

River Basin, about six miles southeast of the town of Ashland, Powder 

River County, Mont. The area was selected for investigation by the 

EMRIA (Energy Minerals Rehabilitation Inventory and Analysis) program 

of the Bureau of Land Management. The Bureau of Reclamation was the 

principal investigator and had the assistance of the U.S. Geological 

Survey in parts of the program of study.

The area selected for intensive study the EMRIA site proper is 

about 1,177 acres (476 hectares). A logical contiguous area surrounding 

and including the EMRIA site proper an area of about 2,975 acres (1,204 

hectares) was also geologically mapped and studied. The coal resources 

of the major, thick, strippable coal bed in the area were estimated using 

information derived from geologic mapping and core-drilling. Samples of 

the coal and of the rock sequence that would be disturbed during recovery 

of the coal by mining were analyzed to determine the major and minor 

element composition.



Geologic Setting

The Otter Creek EMRIA site (figure 1) and surrounding area are 

largely underlain by sandstone, siltstone, shale, and coal that compose 

several hundred feet of the lower part of the Tongue River Member of the 

Fort Union Formation of Paleocene age. The valleys of Home, Otter, and 

Threemile Creeks contain alluvium made up of sand, silt, clay, and gravel.

The coal beds in the Tongue River Member, particularly the 60-foot- 

plus-thick (18 metre) Knoblock bed, have burned over large areas and baked 

and fused the overlying rocks. The baked material, called "clinker," is 

more than 100 feet (30 metres) thick in parts of the Otter Creek EMRIA site,

The drill program was specifically designed to yield samples of the 

rocks above the Knoblock coal bed, the Knoblock coal bed itself, and the 

rocks within 20 to 30 feet (6 to 9 metres) below the base of the Knoblock 

bed. In addition, several of the drill holes were deepened about 150 feet 

(46 metres) to allow coring of the rock sequence between the Knoblock bed 

and the Flowers-Goodale coal bed, the Flowers-Goodale coal, and as much as 

35 feet (11 metres) of the rock sequence beneath the Flowers-Goodale bed. 

Other coal beds are present in the Tongue River but are generally thin, 

lenticular, and nonpersistent.

The strata of the Tongue River Member are nearly flat-lying except 

around the edges of the areas where the coal beds have burned. Near the 

clinker areas, the otherwise flat or gently-dipping strata have slumped and 

collapsed.
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Figure 1. 

and location of

vl(a)



Qal

Explanation for Figure 1

ALLUVIUM (HOLOCENE) Unconsolidated silt and sand on 

streams and larger tributaries

FORT UNION FORMATION (PALEOCENE)

Tongue River Member Light-gray and very light

yellowish gray slabby very fine grained sandstone 

and siltstone, medium-gray mudstone and claystone, 

brown and black carbonaceous shale, and coal

BurRec

Outcrop of coal bed Drawn on base of coal. 

Number shows thickness of coal, in feet

Clinker above burned Knoblock coal

Bureau of Reclamation drill hole Circled figure 

shows thickness of Knoblock coal bed, in feet. 

Lithologic logs of drill holes are shown on 

Plate 1

vi(b)
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Coal 

Origin

Coal has been defined as "a readily combustible rock containing 

more than 50 percent by weight and more than 70 percent by volume 

of carbonaceous material, formed from compaction or Induration of 

variously altered plant remains similar to those of peaty deposits. 

Differences in the kinds of plant materials (type), in degree of 

metamorphism (rank), and range of impurity (grade), are characteristics 

of the varieties of coal" (Schopf, 1956). Inherent in the definition 

is the specification that coal originated as a mixture of plant remains 

and inorganic mineral matter that accumulated in a manner similar to 

that in which modern-day peat deposits are formed. The peat then 

underwent a long, extremely complex process called "coalification," 

during which diverse physical and chemical changes occurred as the peat 

changed to coal, and the coal assumed the characteristics by which 

members of the series are differentiated from each other. The factors 

that affect the composition of coals have been summarized by Francis 

(1961, p. 2) as follows:

1) The mode of accumulation and burial of the plant debris forming 

the deposits.

2) The age of the deposits and their geographical distribution.

3) The structure of the coal-forming plant, particularly details of 

structure that affect chemical composition or resistance to decay.

4) The chemical composition of the coal-forming debris and its 

resistance to decay.

5) The nature and intensity of the plant-decaying agencies.

6) The subsequent geological history of the residual products of

decay of the plant debris forming the deposits.

1



. For extended discussions of these factors, the reader is referred 

to such standard works as Moore (1940), Lowry (1945), Tomkeieff (1954), 

Francis (1961), and Lowry (1963).

Classification

Coals can be classified in many ways (Tomkeieff, 1954, p. 9; 

Moore, 1940, p. 113; Francis, 1961, p. 361), but the classification by 

rank that is, by degree of metamorphism in the progressive series that 

begins with^ peat and ends with graphocite (Schopf, 1966) is the most 

commonly used system. Classification by type of plant materials is 

commonly used as a descriptive adjunct to rank classification when 

sufficient megascopic and microscopic information is available, and 

classification by type and quantity of impurities (grade) is frequently 

used when utilization of the coal is being considered. Other categorizations 

are possible and are commonly employed in discussion of coal resources: 

such factors as the weight (specific gravity) of the coal, the thickness 

and areal extent of the individual coal beds, and the thickness of 

overburden are generally considered.



Rank of coal

The designation of a coal within the metamorphic series, which 

begins with peat and ends with graphocite, is dependent upon the 

temperature and pressure to which the coal has been subjected and the 

duration of time of subjection. Because coal is largely derived from 

plant material, it is mostly composed of carbon, hydrogen, and oxygen, 

along with smaller quantities of nitrogen, sulfur, and other elements. 

The increase in rank of coal as it undergoes progressive metamorphism 

is indicated by changes in the proportions of the major coal constituents: 

the higher rank coals have more carbon and less hydrogen and oxygen than 

the lower ranks.

Two standarized forms of coal analyses the proximate analysis and 

the ultimate analysis are generally made, though sometimes only the 

less complicated and less expensive proximate analysis is made. The 

analyses are described as follows (U.S. Bureau of Mines, 1965, p. 121-122) 

"The proximate analysis of coal involves the determination of 

four constituents: (1) water, called moisture; (2) mineral 

impurity, called ash, left when the coal is completely burned; 

(3) volatile matter, consisting of gases or vapors driven out 

when coal is heated to certain temperatures; and (4) fixed carbon, 

the solid or cakelike residue that burns at higher temperatures 

after volatile matter has been drived off. Ultimate analysis 

involves the determination of carbon and hydrogen as found in 

the gaseous products of combustion, the determination of sulfur, 

nitrogen, and ash in the material as a whole, and the estimation 

of oxygen by difference."



Most coals are burned to produce heat energy, so the heating value 

of the coal is an important property. The heating value (calorific 

value) is commonly expressed in British thermal units (Btu) per pound: 

1 Btu is the amount of heat required to raise the temperature of 1 Ib 

of water 1°F (1 Btu equals 0.252 kilogram-calories). Additional tests 

are sometimes made, particularly to determine caking, coking, and other 

properties, such as tar yield, that affect classification or utilization,

Figure 2 compares in histogram form the heating value, and the 

moisture, volatile matter, and fixed carbon contents of coals of 

different ranks.

Various schemes for classifying coals by rank have been proposed 

and used, but the one most commonly employed in the United States is 

the "Standard specifications for classification of coals by rank," 

adopted by the ASTM (American Society for Testing and Materials, 1974; 

table 1).
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Figure 2. Comparison on moist, mineral-matter-free
basis of heat values, and proximate analyses 
of coal of different ranks.
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The ASTM classification system differentiates coals into classes 

and groups on the basis of mineral-matter-free fixed carbon or 

volatile matter, and the heating value supplemented by determination 

of agglomerating (caking) characteristics. "Coals which in the 

volatile matter determination produce either an agglomerate button 

that will support a 500-g weight without pulverizing, or a button 

showing swelling or cell structure, shall be considered agglomerating 

from the standpoint of classification" (ASTM, 1974, p. 56).

As pointed out by the ASTM (1974, p. 55), a standard rank determination 

cannot be made unless the samples were obtained in accordance with 

standardized sampling procedures (Snyder, 1950; Schopf, 1960). However, 

nonstandard samples may be used for comparative purposes through 

determinations designated as "apparent rank".

The proximate, ultimate, Btu, and forms-of-sulfur analyses of samples 

of the Otter Creek coals are presented in table 2. The analyses indicate 

that the Otter Creek coals have an apparent rank of subbituminous C. 

Twenty-four samples of the Knoblock have an average of 8,110 Btu (2,044 

kilogram-calories) as received.
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Type of coal

Classification of coals by type that is, according to the types 

of plant materials present takes many forms, such as the "rational 

analysis" of Francis (1961) or the semicommercial "type" classification 

commonly used in the coal fields of the eastern United States (U.S. 

Bureau of Mines, 1965, p. 123). However, most of the type classifications 

are based on the same or similar gross distinctions in plant material 

used by Tomkeieff (1954, table II and p. 9), who divided the coals into 

three series; humic coals, humic-sapropelic coals, and sapropelic coals, 

based upon the nature of the original plant materials. The humic coals

are largely composed of the remains of the woody parts of plants, and 

the sapropelic coals are largely composed of the more resistant waxy, 

fatty and resinous parts of plants, such as cell walls, spore-coatings, 

pollen, and resin particles, and coals composed mainly of algal material. 

Most coals fall into the humic series, with some coals being mixtures of 

humic and sapropelic elements and, therefore, falling into the 

humic-sapropelic series. The sapropelic series is quantitatively 

insignificant and when found is commonly regarded as an organic curiosity.

In common with most coals of the United States, the Otter Creek 

coals fall largely in the humic series.
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T«able 3. Estimated identified coal resources in the Knoblock bed in the area 
around and including the Otter Creek EMRIA site

[In thousands of short tons, one short ton equals 0.9078 metric tons]

Measured resources Indicated resources Totals

EMRIA site               88,652 37,210 125,862 
(sec. 2, T. AS., R. 45 E., 
and sees. 26 and 34, 
T. 3 S., R. 45 E.)

Area surrounding EMRIA site 1 -      192,422 192,422 

Total identified resources   88,652 229,632 318,284

*Area bounded by Home Creek, Three Mile Creek, and 106° 7 1/2 f W. long.
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Grade of coal

Classification of coal by grade, or quality, is based largely 

on the content of ash, sulfur, and other constituents that adversely 

affect utilization. Most detailed coal resource evaluations of the 

past do not categorize known coal resources by grade, but coals of 

the United States have been classified by sulfur content in a gross 

way (DeCarlo and others, 1966).

The range and average of the ash. and sulfur contents of 642 

coal samples from all parts of the United States were determined by 

Fieldner, Rice, and Moran (1942). Ash and sulfur contents of these 

U.S. coals as received were as follows:

Number Ash, percent Sulfur, percent
of 

samples Range Average Range Average

642 2.5 - 32.6 8.9 0.2 - 7.7 1.9

The coal in the Otter Creek area is slightly below average in 

ash content and considerably below average in sulfur content. The 

average ash content as received of Knoblock coal in five drill holes 

is 5.5 percent and that of Flowers-Goodale coal in three drill holes 

is 8.2 percent. Average sulfur content in the Knoblock is 0.15 percent; 

in the Flowers-Goodale 0.46 percent.
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Estimation and Classification of Coal Resources

Preparation of a coal resource estimate involves certain procedures 

and definitions that have been established in an attempt to standardize, 

insofar as possible, coal resource appraisals in the United States. As 

used in this report, the term "coal resource" designates the estimated 

quantity of coal in the ground.

Tabulation of estimated coal resources

Table 3 summarizes the estimated coal resources in the Knoblock coal 

bed in the Otter Creek EMRIA site and the surrounding area. In accordance 

with conventions adopted by the U.S. Geological Survey and the U.S. Bureau 

of Mines, the resources in the Otter Creek EMRIA site are classed as 

"identified-subeconomic resources"; that is, specific bodies of coal 

whose location, quality, and quantity are known from geologic evidence 

supported by engineering measurements with respect to the demonstrated 

category, and that are presently classed as subeconomic because the 

estimated tonnage of coal is in beds that are not presently classed as 

reserves, but may become so as a result of changes in economic and legal 

conditions.

No estimates are presented for the Flowers-Goodale bed in the area, 

because the focus of the present study is on coal resources that are 

potentially recoverable by surface-mining methods.
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All of the estimated identified coal resources shown in table 3 

fall into a category called Reserve Base, which is defined as that 

portion of the identified coal resource from which reserves are 

calculated. Reserves in the strict sense used here are defined as 

"that portion of the identified coal resource that can be economically 

and legally mined at the time of determination also referred to as 

Recoverable Reserve. The reserve is derived by applying a recoverability 

factor to that component of the identified coal resource designated 

as the Reserve Base."

Recoverability

The recoverability factor is "the percentage of total tons of 

coal producible from a given area in relation to the total tonnage 

estimated to be in place in the ground."
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Recoverability determinations can be made (1) by using mine 

maps, (2) by using production versus reserve base estimates, or (3) by 

using an average recoverability factor based on past experience. All 

coal remaining in the ground after mining is completed is considered 

as lost in mining and includes coal that is (1) left to support mine 

roofs, (2) too thin to mine, (3) left unmined beneath rivers, lakes, 

highways, and legal reservations, (4) left unmined around oil, gas, 

water, and disposal wells, (5) left unmined as barrier pillars adjacent 

to mine or property boundaries, and (6) left unmined because of 

environmental, safety, quality, or hydrologic considerations. Coal 

losses incurred during cleaning and preparation are not considered 

when determining recoverability. Recoverability determined in existing 

mined areas can be projected to similar unmined sreas, assuming other
V

conditions are equal, to calculate recoverable reserves from reserve 

base. In the United States, recoverability in underground mining ranges 

from 10 to 80 percent, depending on variables such as the thickness 

of coal bed, security of roof and floor rock, operator, and mining methods, 

and probably averages about 50 percent. Recoverability for strip mining 

is locally as great as 90 percent, but studies indicate that nationally ft 

also averages about 50 percent owing to barriers left to protect mine 

boundaries, to restrictions on highwalls, and to restrictions about 

mining near lakes, streams, railroads, highways, and farmed areas.
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Resources categorized by degree of geologic assurance 

Two categories according to degree of geologic assurance were 

used in the present study.

Measured - Tonnage of coal for which estimates of the quality 

and quantity have been computed, within a margin of 

error of less than 20 percent, from sample analyses 

and measurements from closely spaced and geologically 

_____^- well-known sample sites.

Indicated - Tonnage of coal for which estimates of the quality 

and quantity have been computed partly from sample 

analyses and measurements and partly from reasonable 

geologic projections.

The measured resources estimated for the Otter Creek ERMIA site 

and adjoining area are within 1/4 mile (0.4 kilometres) of points of 

information; the indicated resources are contained in bodies whose 

inner limits are 1/4 mile (0.4 kilometres) from points of information 

and whose outer limits are within 3/4 mile (1.2 kilometres) of points 

of information.
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Characteristics used in resource evaluation

The coal characteristics that are commonly used in classifying coal 

resources are the rank, grade, and weight of the coal, the thickness 

and areal extent of the coal beds, and the thickness of the overburden. 

The rank and grade of the coal sampled as part of this study have been 

discussed previously.

Weight

The weight of coal ranges considerably with differences in rank and 

ash content. In areas such as the Otter Creek area, where specific 

gravities of the coals have not been determined, an average specific 

gravity value based on many determinations in other areas is used to 

express the weight of the coal for resource calculations. The average 

weight of subbituminous coal is taken as 1,770 short tons per acre-foot 

(1,607 metric tons) a specific gravity of 1.30.

Thickness of beds

Because of the important relation of coal-bed thickness to 

utilization potential, most coal resource estimates parepared by the 

U.S. Geological Survey are tabulated according to three thickness 

categories. For subbituminous coal the categories are thin 2.5 to 5

feet (0.75 to 1.5 metres); intermediate 5 to 10 feet (1.5 to 3 metres); 

and thick more than 10 feet (3 metres). In the EMRIA site and surrounding 

area, all of the estimated resources in the Rnoblock bed are in the 

thick category.
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Thickness of overburden

Coal resources are commonly divided into categories based on the 

thickness of overburden, in feet, as follows: 0-1,000 (0 to 300 metres), 

1,000-2,000 (300 to 600 metres), and 2,000-3,000 (600 to 900 metres). 

For estimates of total resources and undiscovered resources for example, 

an estimate for a complete coal basinal area a depth of 6,000 feet (1,800 

metres) may be used. However, most of the coal in the Knoblock bed in 

the Otter Creek EMRIA site and surrounding area is overlain by 200 feet 

(60 metres) or less of overburden and can be recovered by surface mining 

methods. Table 4 shows detailed and aggregate volume of overburden in 

the EMRIA site. Comparison of tables 3 and 4 indicates that the ratio of 

cubic yards of overburden to total estimated coal resources with less 

than 200 feet (60 metres) of overburden in the Otter Creek EMRIA site 

is about 2 cubic yards (1.5 cubic metres) of overburden per ton of coal.
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Summary of resources

The Knoblock coal bed in the area around and Including the Otter 

Creek EMRIA site an area of about 2,975 acres (4.6 square miles and 

1,204 hectares) contains estimated identified coal resources of about 

318 million tons (289 million metric tons). The Otter Creek EMRIA 

site itself an area of about 1,177 acres (1.7 square miles and 476 

hectares) contains estimated identified coal resources of about 126 

million tons (114 million metric tons), All estimated coal resources 

in the Knoblock bed are categorized as measured and indicated resources, 

and all but about 62 million tons (56 million metric tons) are at depths 

of less than 200 feet (60 metres). The overall ratio of cubic yards of 

overburden to tons of coal in the area with 200 feet (60 metres) or less 

of overburden is about 2 cubic yards (1.5 cubic metres) of overburden 

per ton of coal.
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Chemical Composition

Twenty-eight core samples of the Knoblock and Flowers-Goodale 

coal beds and 39 core samples of the rock sequence above and below the 

Knoblock were analyzed for the following constituents (following the 

procedure shown on figure 3):

1. Proximate analysis for percent moisture, volatile matter,

fixed carbon, and ash; ultimate analysis for percent hydrogen, 

carbon, nitrogen, oxygen, and sulfur; and forms-of-sulfur 

analysis for percent sulfate-sulfur, pyritic sulfur, and 

organic sulfur.

2. Major composition of the ash of coal percent ash, SiO_, Al-CL, 

Na20, K20, CaO, MgO, Fe^, P^, Cl, MnO, Ti02> and SO^

3. Trace element composition of coal

a. Individual quantitative determinations ppm As, Cd, Cu, F,

Hg, Li, Pb, Sb, Se, Th, U, and Zn. 

b. Semiquantitative spectrographic analysis ppm of 20-30 elements

detected by this method.

Results of the analytical determinations are listed in tables 5, 6, 

7, and 8.
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Table 8 compares analyses of 24 samples of the Knoblock coal bed in 

the Otter Creek area to 67 samples of subbituminous coals from 7 mines 

and 12 drill holes in the Powder River Basin of Wyoming and Montana 

(Swanson and others, 1974). The lower heat value (Btu), greater moisture 

and oxygen content, and smaller fixed carbon content of the Knoblock coal 

as compared to the average of subbituminous coals in the Powder River Basin 

are a direct reflection of the lower rank (lesser degree of metamorphism) 

of the Knoblock coal. No other significant differences are shown by the 

comparison in table 8.

Table 9 shows the range of and average elemental content, on the 

whole-coal basis, of those constituents commonly regarded as being of 

importance from the standpoint of coal utilization. Some of the elements, 

such as mercury and arsenic, are of interest because of the environmental 

problems that might occur if they are present in inordinate amounts; others, 

such as thorium and uranium, are of interest because they could be recovered 

from coal ash if they are present in sufficently large quantities. On 

the basis of the 5.5 percent average ash content of the Knoblock coal, 

trace elements such as thorium and uranium will be enriched in the ash 

approximately 18 times their whole-coal values.
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Table 8. Comparison of composition of Knoblock with composition of 
the subbiturainous coals of the Northern Great Plains

Knoblock coal 
(24 samples)

NGP subbituminous 
coals (67 samples 1 )

Btu- 8,110 9,000

in percent

Moisture (as received)
Fixed carbon (as received)
Oxygen (as received)
Si02 (in ash)

30
35
39
38

20
38
30
25

Na20 (in ash) .5

CaO (in ash) 
MgO (in ash)

16 
4

15 
4

in parts per million

As (whole 
B (whole
Ba (whole
Hg (whole
Pb (whole
Se (whole
U (whole
Zn (whole

coal) 
coal)
coal)
coal)
coal)
coal)
coal)
coal)

2 
70

300
.05

6.4
.4
.8

13

2 
50
200

.08
6
.8 (51
.7

7

samples)
e

^wanson, V. E., and others, 1974.
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Table '9. Elements that can affect potential utilization of coals 
content in 24 samples from Otter Creek area in parts per million

Concentration in Knoblock bed Average, continental crust
(Taylor, 1964) 

Element Range Average

As
Cd
Cu
F
Hg
Li
Pb
Sb
Se
Th
U
Zn

1 -
<.l -
3.2 -
25 -

*J01 -
2.5 -
2.6 -
.1 -
.1 -

<2.0 -
<.l -
4.7 -

12
.1
12
85
.32
13
35
.7
1.0
7.3
1.6
90

2
.1

6.4
48
jfo, &£ 

6.7
6.4
.4
.4

3.0
.8

13

1.8
.2

55
625

.08
20
12.5

.2

.05
9.6
2.7

70

39



Analyses of overburden rocks

Thirty-nine samples, believed to be representative of the lithology 

(plate 1) overlying and underlying the Knoblock coal bed, have been 

analyzed in detail (table 10). The sequence for analysis of rock samples 

is similar to that shown on figure 3, except for the Bureau of Mines 

analyses and the addition of analyses for percent total sulfur and percents 

total carbon, mineral carbon, and organic carbon. Their composition was 

found to be similar to that of limy sandstones, siltstones, and claystones 

occurring in other parts of the United States.

The analyses show that three-quarters of the rock is composed of 

silica and alumina, and the remainder is composed mostly of oxides of 

calcium, magnesium, potassium, iron, and sodium.

The analyses of trace elements, some of which are potentially toxic, 

show that none of these elements are present in abnormally higher amounts 

than are present in similar rocks in the United States. A few samples 

with high values have little significance when averaged with analyses of 

other samples from the same core.
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Hie average concentration of trace elements in the Knoblock bed 

of the Otter Creek area is shown in table 10 to be generally less than 

the average concentration of these elements in the continental crust. 

Only selenium (average concentration in the Knoblock bed 0.4 ppm, 

compared to 0.05 ppm average crustal abundance) is higher, and even 

this amount is relatively low.
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Conclusion

The tentative conclusion, based on inspection of analyses in this 

report, is that little variation in composition of coal and overburden 

occurs from one drill hole to another. If this conclusion is valid, 

then it can be assumed that composition of reclaimed overburden rock is 

a constant factor among other parameters used in soil studies..
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